Abstract -The article analyzes the experimental studies of a reciprocating hybrid power machine with a gas volume on suction using various cooling liquids. The experimental studies established that distilled water provides the greatest cooling of the cylinder-piston group, an increase in the flow rate of the coolant, and an increase in the productivity of the compressor section. If water can't be used then A-40 antifreeze is recommended to be used.
I. INTRODUCTION
At present, due to its well-known advantages, a reciprocating hybrid power machine has become the object of research [1, 2] .
Reciprocating hybrid power machines (RHPM) with a gas volume on suction provide intensive cooling of the cylinderpiston group and the actual compressed gas due to forced movement of the coolant in the jacket space of the compressor (see Fig. 1 ). There is a pressure drop for forced liquid movement upwards, it occurred in the suction cavity of the compressor when the gas is sucked, and gravity is used when moving downward (or gravity and additional pressure drop) [3, 4] .
It should be noted that the main advantages of RHPM with gas volume on suction are:
-absence of liquid in the working cavity of the compressor;
-simplicity of the machine design due to the lack of a crosshead and a pump; -absence of additional mechanical losses to the pump drive.
Consequently, theoretical and experimental studies aimed at increasing the efficiency and economy of the piston hybrid power machine are considered to be an important and urgent task.
II. RESULTS OF EXPERIMENTS
The research experimental method continues to be its main and the most reliable method. Therefore, in carrying out this study, the research experimental method is used.
The experimental sample is based on a serial compressor unit QE AERO-16, with the following main characteristics: drive type is coaxial; diameter of the piston is 47 mm; stroke of the piston is 38 mm. A schematic diagram of the experimental sample is shown in Fig. 1 [5] . The machine operates as follows.
During the stroke of piston 15 downward there are expansion and suction processes in the working cavity of cylinder 13. The pressure drops in cavity 9, and the pressure increases in the gas cavity of crankcase 2. Under the action of the resulting pressure drop, liquid from tank 17 enters liquid jacket 14 and then it comes into indicator tube 7. As piston 15 moves upward, the pressure in the working cavity of cylinder 13 increases (there are successively compression and discharge processes), suction valve 10 closes and the pressure of suction cavity 10 due to the leakage of gas increases. When the piston moves upward, the volume of the sub-piston space increases and the pressure in it decreases. Under the influence of pressure drop and gravity, the liquid moves from indicator tube 7 through discharge valve 5 to the tank. Discharge valve 5 and suction valve 8 run the circulation of the cooling system. The heat of gas compression, removed from the surface of the working cavity circulating in the jacket space by the liquid, is discharged through heat exchanger 4 to the environment. Fig. 1 . Constructive diagram of the experimental sample 1 is crankcase, 2 is gas crankcase, 3 is safety valve, 4 is heat exchanger, 5 is pressure valve, 6 is suction box of compressor, 7 is indicator tube, 8 is suction valve, 9 is suction cavity, 10 is suction compressor valve, 11 is discharge cavity, 12 is pressure compressor valve, 13 is working cylinder cavity, 14 is liquid jacket, 15 is piston, 16 is cylinder, 17 is tank
In the course of experimental studies, the cooling fluids, angular velocity and discharge pressure were changed at constant pressure, gas suction temperature and ambient temperature. The following liquids were used as coolants: antifreeze 240, distilled water, oil T-1500U, antifreeze А-40. Thus, the coolants had different viscosities and heat capacities. The rotational speed of the drive shaft varied from 800 to 1100 rpm, the pressure of the compressed gas injection varied from 2 bar to 4 bar. Suction pressure is р sc =1 bar, suction temperature is Т sc = 293К. There were measured:
-temperature of the cylinder-piston group; -temperature of the injected gas; -coolant flow rate; -consumption of compressed gas, as output parameters during the experimental studies.
Thermistors KPD/MF5А-682Н-398Н-G of type NTC (with negative ТКС) with nominal resistance 6.8 kОhm at t=25 0 С were used as temperature sensors. The choice of thermistors is due to their high sensitivity, low inertia and compactness.
Measurement of fluid flow was carried out in a measured way, with an error of measurement 5.6%. The measurement of gas flow was carried out by a thermo-anemometer gas flow sensor, with a measurement error 3%. To measure the speed of the electric motor, the ZVF67 frequency converter from Sassin was used; it smoothly (in increments 0.1HZ) changes the frequency of the supply voltage in the range from 0 to 50Hz.
In carrying out the experimental studies, the classical plan was used. There were chosen: cooling liquid; compressor discharge pressure; crankshaft speed; temperature of the cylinder-piston group; temperature of the injected gas; coolant flow rate; consumption of compressed gas as independent parameters.
III. DISCUSSION OF THE RESULTS
The main purpose of using liquid in this hybrid power machine is to cool the cylinder-piston group of the compressor section. Intensive cooling can be achieved using liquid with high heat capacity, low density and low viscosity. The specific heat of distilled water, relative to other liquids used in the experiment, is the largest. Thus, for antifreezes the specific heat value is (85…90)% of water, and for Т-1500U oil the specific heat is less than the heat capacity of water by more than 2 times. The viscosity of antifreeze and oil exceeds the water viscosity. Thus, the viscosity of antifreeze exceeds the viscosity of water by 1.3…1.5 times, and the oil has a kinematic viscosity at t = 50 0 С by 9 times more than water. Thus, based on the theoretical analysis, the best cooling of the compressor will be achieved with water, and it is confirmed by experimental studies.
There is temperature variation of the cylinder upper part when the injection pressure varies for different cooling fluids (see Fig. 2 ). The highest temperature of the cylinder upper part is observed when using oil; the lowest is observed when using water. The temperature value, when using antifreeze, is between the cylinder temperatures, using water and oil, and using antifreeze for cooling is more preferable. The maximum temperature difference is approximately 7К at р inj =3bar.
The same nature of temperature changes is observed in the middle and the lower parts of the cylinder. The improvement in cooling of the cylinder-piston group, when using water, is due not only to heat capacity increase, but also to the consumption of the coolant.
There is change in the coolant flow rate when the discharge pressure is increased, using various coolants (see Fig. 3 ).
Analyzing the presented results, the following conclusions can be made:
1. The water flow rate over the entire range of the discharge pressure change exceeds the consumption of oil and other liquids.
2. Increasing discharge pressure, the difference in flow rates of liquids decreases.
3. Maximum discrepancy in water and oil consumption is observed at рinj =2bar and it is 23%. If to improve the cylinder-piston group cooling, when water used, it causes a decrease in the temperature of the injected air. This decrease is about 1K (see Fig.4 ). Improvement of the compressed gas cooling leads to increased productivity and efficiency of the machine.
When using water, the increase of compressor capacity, as compared with a compressor without using the liquid cooling system at р inj =4bar is 9%, and when using oil it is 7.8% (see Fig. 5 ). The maximum discrepancy in the machine productivity increase is observed at р inj =2bar and is about 2%. On the effectiveness of application, the following after water there is antifreeze A-40, then Z40 antifreeze and then oil Т-1500U. 
IV. FINDINGS AND CONCLUSION
The carried out experimental studies of the RHPM with a gas volume on suction operation proved that using distilled water for cooling maximally improves the compressible gas cooling. It leads to an increase in productivity of up to 9% and economy of operation. If water can't be used, then antifreeze A-40 can be recommended as an alternative working fluid.
